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Increasing attention is being focused on sleep duration as a potential modiﬁable risk factor associated with obesity in children and
adolescents.Weanalyzed datafromthenationalYouthRiskBehavior Surveytodescribetheassociationofobesity(self-reportBMI
≥95th percentile) with self-reported sleep duration on an average school night, among a representative sample of US high school
students. Using logistic regression to control for demographic and behavioral confounders, among female students, compared
to 7 hours of sleep, both shortened (≤4 hours of sleep; adjusted odds ratio (95% conﬁdence interval), AOR = 1.50 (1.05–2.15))
and prolonged (≥9 hours of sleep; AOR = 1.54 (1.13–2.10)) sleep durations were associated with increased likelihood of obesity.
Among male students, there was no signiﬁcant association between obesity and sleep duration. Better understanding of factors
underlying the association between sleep duration and obesity is needed before recommending alteration of sleep time as a means
of addressing the obesity epidemic among adolescents.
1.Introduction
During the past century, the average amount of time that
Americans sleep has decreased by approximately 20 percent
[1]. According to sleep duration guidelines suggested by the
National Sleep Foundation, insuﬃcient sleep, deﬁned as <8
hours for children and <7 hours for adults on a weeknight, is
experienced by 45% of children ages 11–17 years and 37% of
adults [2, 3]. It is currently estimated that 50 to 70 million
Americans chronically suﬀer from disorders of sleep and
wakefulness which adversely aﬀect daily functioning, health,
and longevity [4]. The cumulative eﬀects of chronic sleep
deprivation and sleep disorders have been associated with
increased mortality and increased risk for a wide range of
chronic diseases including depression, hypertension, stroke,
type 2 diabetes, heart disease, and obesity [4, 5].
The relationship between sleep and obesity has become
a topic of great interest as obesity rates reach record levels
and chronic sleep deprivation aﬀects increasing numbers
of adolescents and adults in the United States [4–7]. The
two most commonly reported associations between sleep
duration and obesity are (1) a U-shaped curve where the
lowest obesity risk is found at about 7-8 hours of sleep
per night, with the odds of obesity rising for shorter and
longer sleep duration, leading to the optimal dose theory
of habitual sleep duration and (2) a negative linear pattern
wherethelongestsleepdurationsareassociatedwiththeleast
likelihood and the shortest sleep durations are associated
with the greatest likelihood of obesity, leading to the more
sleep is better theory of habitual sleep duration [5].
Although there are few proposed mechanisms for how
longer sleep duration might predispose toward obesity, there
is experimental evidence for metabolic pathways whereby
shortened sleep duration might lead to increased obesity.
Sleep restriction in healthy adults has been shown to result
in decreased leptin levels and increased ghrelin levels, which2 Journal of Obesity
resultindecreasedsatietyandincreasedappetite,respectively
[8, 9]. Alterations in these hormone levels may lead to
increases in subsequent caloric intake and weight gain. Sleep
restriction also has been shown to alter carbohydrate metab-
olism, resulting in increased insulin resistance and impaired
glucose tolerance, which may also aﬀect weight status [8,
10, 11]. Another recognized link between obesity and sleep
deprivation is obstructive sleep apnea, a condition which
may be caused by obesity and which results in sleep disrup-
tion. An analysis of 20 years of data on obesity-associated
diseases among children ages 6–17 years found that hospital
discharges for sleep apnea have increased more than 400%
[12].
Recent reviews of cross-sectional and longitudinal stud-
iesthatexaminedtheassociationbetweensleepdurationand
obesity found no consistent pattern of association among
adults, with studies that reported a U-shaped association,
studies that reported a negative linear association, and stud-
ies that reported no association [5, 8]. Unlike adult studies,
pediatric studies involving young children have consistently
found a negative linear association between sleep duration
and obesity [5, 8, 13]. Findings from studies involving
adolescents are less consistent and sometimes exhibit sex
diﬀerences [13]. The purpose of this study was to describe
the association between habitual sleep duration and obesity
among a nationally representative sample of high school
students,controllingfordemographiccharacteristicsandbe-
havioral confounders. Speciﬁcally, we sought to determine
whether the association was a negative linear association,
suchastypicallyfoundinstudiesinvolvingyoungerchildren,
or a U-shaped association such as sometimes reported in
studies of adults and whether that association varied by sex,
race/ethnicity, or grade.
2. Methods
2.1.SampleandSurveyAdministration. Since 1991, thebien-
nial, national Youth Risk Behavior Survey (YRBS) has used
a three-stage cluster sample design to produce nationally
representative samples of students in grades 9–12 attending
public and private schools. Student participation in the
survey was anonymous and voluntary, and local parental
permission procedures were followed. Students completed a
self-administered questionnaire during a regular class peri-
od.Responseswererecordeddirectlyoncomputer-scannable
questionnaire booklets. A weighting factor was applied to
each record to adjust for nonresponse and the oversam-
pling of black and Hispanic students. Sampling strategies
and the psychometric properties of the questionnaire have
been reported previously [14–17]. The Centers for Disease
Control and Prevention (CDC) Institutional Review Board
granted approval for the national YRBS.
Data on sleep duration was collected in the national
YRBS for the ﬁrst time in 2007. To increase the sample size
of students reporting long or short sleep durations, we
combined data from the 2007 and 2009 national YRBS.
Individual students were not followed longitudinally, but
rather each survey represented an independently selected,
nationally representative, cross-sectional sample of public
and private school students. School response rates for both
surveys were 81%. Student response rates for 2007 and 2009
were 84% and 88%, respectively. Overall response rates
(deﬁned as school response rate × student response rate)
were 68% and 71%, respectively. A small number of surveys
(62 in 2007 and 50 in 2009) failed data edit checks leaving
ﬁnal sample sizes of 14,041 and 16,410, respectively [14, 15].
Thus, a total of 30,451 students were surveyed and provided
usable data during 2007–2009.
2.2. Measures
2.2.1. Demographic Characteristics. Demographic character-
istics included sex, race/ethnicity (non-Hispanic white, non-
Hispanic black, Hispanic, and others), and grade (9th, 10th,
11th, and 12th).
2.2.2. Sleep. Students were asked, “On an average school
night, how many hours of sleep do you get?” Response op-
tions were “4 or less hours,” “5 hours,” “6 hours,” “7 hours,”
“8 hours,” “9 hours,” or “10 or more hours.” Consistent with
the guidelines of the National Sleep Foundation, students
who reported sleeping less than 8 hours on a school night
were considered to have insuﬃcient sleep [2].
2.2.3. Obesity. Self-reported height and weight (without
shoes on) were used to calculate body mass index (BMI),
expressed as body weight in kilograms divided by the square
of height in meters (kg/m2). Using reference data from
growthchartsproducedbyCDC,studentswithaBMIgreater
than or equal to the 95th percentile for sex and age (in
months)wereconsideredtobeobese[18].Thequestionnaire
asked students to report their age in years as a whole number
between 13 and 17 with additional options for 12 or younger
(assigned a value of 12 years) and 18 or older (assigned a
value of 18 years). Half a year (6 months) was added to the
age since, for example, students who reported their age as
16 years would, on average, be approximately 16 years and 6
months (198 months) old.
2.2.4. Behavioral Confounders. To identify potential con-
founding variables to control for in our ﬁnal analyses, we
examined the literature for health-related behaviors which
might be associated with both obesity and sleep duration
[19–29]. We identiﬁed 8 behaviors assessed in the YRBS
which might confound the association between sleep dura-
tion and obesity. We then tested whether each behavior was
associated with sleep duration and obesity in our sample
using logistic regression models that controlled for sex, race/
ethnicity, and grade. Five behaviors were signiﬁcantly associ-
ated withboth sleep duration and obesity and wereincluded,
along with demographic variables, as potential confounders
in ﬁnal models. These behaviors included feeling sad and
hopeless (prevalence, 95% CI: 27.2%, 26.2%–28.2%), being
a current smoker (19.7%, 18.3%–21.2%), drinking nondiet
soda or pop (31.3%, 29.6%–33.1%), using a computer or
playingvideogamesfor3ormorehoursonanaverageschoolJournal of Obesity 3
day (24.9%, 23.5%–26.4%), and being physicallyactiveforat
least 60 minutes daily (17.8%, 17.0%–18.6%).
2.3. Missing Data. Of the 30,451 observations in the com-
bined dataset, a total of 2,211 (7.3%) were missing data on
BMI,and3,515(11.5%)weremissingdataonsleepduration.
Missing data on demographic characteristics ranged from
549 (1.8%) for race/ethnicity to 78 (0.3%) for sex, and
missing data on behavioral confounders ranged from 1,366
(4.5%) for current smoking to 502 (1.6%) for being physi-
cally active. Missing data were not imputed. A total of 23,579
students had complete data on all variables. Compared to
students with complete data on all variables, those with
missing data on at least 1 variable (n = 6,872) had similar
prevalence estimates for obesity (12.4% versus 12.3%, resp.)
and insuﬃcient sleep (69.2% versus 68.1%). Prevalence
estimates for sex, current smoking, drinking nondiet soda or
pop, time spent playing video games, and using a computer
for something other than schoolwork, and being physically
active also did not vary signiﬁcantly between these two
groups. Compared to students with complete data, students
with some missing data were more likely to report very long
or short sleep durations, were more likely to be Hispanic or
other race/ethnicity, were more likely to be in lower grade
levels, and were more likely to report feeling sad or hopeless
(data not shown).
2.4. Analysis. All analyses were conducted using SUDAAN
[30] to account for the complex sample design. Prevalence
estimates in our analyses are unadjusted. Students who
reported sleeping ≤4 hours were considered to sleep 4 hours,
and students who reported sleeping ≥1 0h o u r sw e r ec o n s i d -
ered to sleep 10 hours. Using logistic regression, we tested for
the presence of linear and quadratic (U-shaped) associations
between obesity (dependent variable) and sleep duration
(independent variable), controlling for sex, race/ethnicity,
grade, and confounding behaviors. Finally, we calculated
crudeandadjustedoddsratioswith95%conﬁdenceintervals
(CIs) for each level of sleep duration and each demographic
and behavioral variable entered into the ﬁnal model. Associ-
ations were considered statistically signiﬁcant at P<0.05.
3. Results
3.1. Sample Characteristics. The total sample size for the
combined 2007 and 2009 national YRBS datasets was 30,451.
Weighted prevalence estimates for demographic groups
included 51.4% male, 48.6% female, 59.4% white, 14.7%
black, 17.8% Hispanic, 8.1% other racial and ethnic minori-
ties, 28.5% 9th grade, 26.2% 10th grade, 23.5% 11th grade,
and 21.8% 12th grade students.
3.2. Sleep Duration. The distribution of sleep duration on
an average school night approximated a bell-shaped curve
among female and male students (Figure 1). Mean sleep
duration was shorter among female (6.7hrs; 95% CI: 6.7-
6.8) than male (6.9hrs; 95% CI: 6.8-6.9) students (t = 8.78,
P<0.001). Approximately 7 of 10 (69.0%) students reported
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Figure 1:Distributionofsleepdurationonanaverageschoolnight,
by sex—US high school students.
getting insuﬃcient (i.e., ≤7hrs) sleep on an average school
night (Table 1). The prevalence of insuﬃcient sleep was
greater among female (71.6%) than male (66.6%) students
(t = 8.05, P<0.001). Insuﬃcient sleep was more prevalent
among white (69.2%; t = 2.42, P = 0.018) and black (70.5%;
t = 3.24, P<0.002) than Hispanic (65.8%) students. The
prevalence of insuﬃcient sleep increased with grade (59.1%,
9th;68.2%,10th;74.1%,11th;76.8%,and12th).Allpairwise
comparisons by grade level were signiﬁcant (t-test statistics
ranged from 2.70 to 17.78, all P<0.01).
3.3. Obesity. Approximately 12.4% of students were obese
(Table 1). The prevalence of obesity was greater among male
(15.7%) than female (8.9%) students (t = 9.81, P<0.001).
Obesity was more prevalent among black (16.6%; t = 6.46,
P<0.001) and Hispanic (15.7%; t = 6.89, P<0.001) than
white (10.5%) students. The prevalence of obesity did not
vary signiﬁcantly with grade.
3.4. Behavioral Confounders. We tested 8 behaviors assessed
in the YRBS which might confound the association between
sleep duration and obesity using logistic regression models
that controlled for sex, race/ethnicity, and grade (Table 2).
For this analysis, behavioral variables were coded dichoto-
mously using cut-points consistent with national guidelines,
health objectives, and surveillance categories [14, 31, 32].
Behaviorssigniﬁcantlyassociatedwitheitherinsuﬃcient(≤7
hours) or long (≥9 hours) sleep duration and obesity were
identiﬁed as confounders and included along with demo-
graphic variables in ﬁnal models. These 5 behaviors included
feeling sad and hopeless, being a current smoker, drinking
nondiet soda or pop, using a computer or playing video
games for 3 or more hours on an average school day, and
being physically active for at least 60 minutes daily. Feeling
sad and hopeless was diﬀerent from the other confounders
in that it was more likely to occur at both short (AOR = 1.79)
and long (AOR = 1.26) sleep durations.
3.5. Association between Sleep Duration and Obesity. Using
logistic regression models which controlled for sex, race/
ethnicity, grade, and confounding behaviors, we detected a
signiﬁcant quadratic (U-shaped) association (P = 0.0330)4 Journal of Obesity
Table 1: Prevalence of insuﬃcient and long sleep duration and obesity—US high school students.
Demographic subgroup Sleep durationa Insuﬃcient (≤7h o u r s ) L o n g( ≥9 hours) Obese (BMI ≥ 95th percentile)b
(N) % 95% CI % 95% CI (N) % 95% CI
Total (26,936) 69.0 67.8–70.3 7.6 7.1–8.1 (28,240) 12.4 11.7−13.2
Sex
Female (13,575) 71.6 70.3–72.8 6.2 5.6– 6.9 (14,096) 8.9 8.1−9.7
Male (13,297) 66.6 65.2–68.1 8.9 8.1– 9.7 (14,144) 15.7 14.5−17.0
Race/ethnicity
White (11,728) 69.2 67.7–70.7 6.7 6.1–7.3 (12,032) 10.5 9.5−11.7
Black (5,114) 70.5 68.7–72.3 8.7 7.6–10.0 (5,357) 16.6 15.3−18.1
Hispanic (7,296) 65.8 63.2–68.3 9.7 8.5–11.0 (7,863) 15.7 14.5−17.1
Other (2,357) 72.5 68.3–76.2 7.1 5.1– 9.9 (2,605) 11.4 9.8−13.3
Grade
9th (6,615) 59.1 57.4–60.7 12.5 11.2–13.8 (6,922) 12.7 11.7−13.9
10th (6,485) 68.2 66.3–70.1 7.1 6.2–8.0 (6,877) 12.0 10.9−13.1
11th (6,808) 74.1 72.2–76.0 5.4 4.8–6.2 (7,130) 12.2 11.1−13.4
12th (6,878) 76.8 74.9–78.7 4.3 3.7–5.1 (7,256) 12.8 11.4−14.4
N = unweighted sample size. CI = conﬁdence interval.
aOn an average school night.
bBased on self-reported height and weight, body mass index (BMI = weight [kg]/height [m]2) ≥95th percentile using growth charts developed by the Centers
for Disease Control and Prevention for youth aged 2–20 years.
between sleep duration and obesity, but no evidence of a
linear association (P = 0.4977) (Table 3). The unadjusted
prevalence of obesity was approximately 12% among stu-
dents who reported sleeping between 6 and 9 hours on an
average school night and increased slightly among students
who reported shorter (16.5% at ≤4hrs) or longer (15.1% at
≥10hrs) sleep duration.
Next, we tested whether the association between sleep
duration and obesity varied by sex, race/ethnicity, or grade.
A signiﬁcant interaction was detected for the quadratic (U-
shaped) association by sex (Wald F = 9.84, P = 0.0024),
but not race/ethnicity (Wald F = 0.51, P = 0.6763) or grade
(WaldF = 1.40, P = 0.2480). Because of the signiﬁcant inter-
action by sex, we ran separate analyses for females and males
(Table 3). We found no evidence of signiﬁcant interactions
for a linear association by sex, race/ethnicity, or grade.
Among female students, controlling for demograph-
ic characteristics and confounding behaviors we detected a
signiﬁcant quadratic (U-shaped) association (P = 0.0004)
between sleep duration and obesity, but no evidence of a
linear association (P = 0.9653). The prevalence of obesity
was lowest (approximately 8%) among female students who
reported sleeping between 6 and 8 hours on an average
school night and increased among those who reported
shorter (14.6% at ≤4hrs) or longer (14.1% at ≥10hrs) sleep
duration (Table 3). Among male students, controlling for
demographic characteristics and confounding behaviors, we
did not detect a signiﬁcant linear or quadratic association
between sleep duration and obesity (Table 3).
Finally, because of the signiﬁcant quadratic association
between sleep duration and obesity among females, we
compared crude odds ratios (ORs) and adjusted odds ratios
(AORs) for obesity by sleep duration among female students
(Table 4). We chose the sleep duration with the lowest
prevalence of obesity (7 hours) as the referent group. Com-
pared to females who slept 7 hours on an average school
night, those who slept fewer hours (OR = 2.10, ≤4hrs;OR=
1.41, 5hrs) and those who slept more hours (OR = 1.69,
9hrs; OR = 2.00, ≥10hrs) were more likely to be obese.
Controlling for demographic characteristics and confound-
ingbehaviorsattenuated,butdidnoteliminate,thestatistical
signiﬁcance of adjusted odds ratios for obesity at shorter
and longer sleep durations. Compared to female students
who slept 7 hours on an average school night, those who
slept ≤4h o u r s( A O R= 1.50) and those who slept 9 hours
(AOR = 1.55) were more likely to be obese. The AOR for
≥10 hours (AOR = 1.50) was similar in magnitude to the
odds ratio for 9 hours of sleep and probably fell short of
statistical signiﬁcance because of small numbers of females
who slept ≥10 hours (n = 202). Combining sleep duration
categories of 9 hours and ≥10 hours, we found that females
whoslept≥9hoursweremorelikelytobeobese(AOR=1.54;
95% CI: 1.13–2.10) than females who slept 7 hours. Because
there was no statistical evidence for a signiﬁcant linear or
quadratic association between sleep duration and obesity
(after controlling for potential confounders) among male
students, we did not compare crude and adjusted odds ratios
for obesity at diﬀerent sleep durations among male students.
4. Discussion
Nearly 7 out of 10 high school students reported sleeping
less than 8 hours on an average school night. This ﬁnding
is consistent with the high prevalence of insuﬃcient sleep
reportedinotherstudies[2,33].Inourstudy,theassociation
between sleep duration and obesity diﬀered by sex, but
not by race/ethnicity or grade. Controlling for demographic
characteristics and behavioral confounders, we foundJournal of Obesity 5
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Table 3: Linear and quadratic associations between obesity and sleep duration—US high school students.
Demographic
subgroup (N)
Prevalence of obesitya by sleep durationb
≤4hrs 5hrs 6hrs 7hrs 8hrs 9hrs ≥10hrs P Value for trendc
%
95% CI
(N)
%
95% CI
(N)
%
95% CI
(N)
%
95% CI
(N)
%
95% CI
(N)
%
95% CI
(N)
%
95% CI
(N)
Linear Quadratic
Total Population (23,579)
16.5
14.2–19.2
(1,355)
13.9
12.4–15.5
(2,428)
11.5
10.5–12.5
(5,306)
12.2
10.9–13.6
(7,124)
12.1
10.9–13.4
(5,513)
12.4
10.4–14.7
(1,431)
15.1
10.6–21.1
(422)
.4977 .0330
Sex
Female (11,939)
14.6
11.3–18.7
(665)
10.3
8.6–12.4
(1,401)
8.3
7.2–9.5
(2,842)
7.5
6.3–9.0
(3,522)
8.3
7.0–9.9
(2,650)
12.1
9.3–15.6
(657)
14.1
8.8–21.8
(202)
.9653 .0004
Male (11,640)
18.4
14.6–23.0
(690)
18.4
16.1–21.1
(1,027)
15.1
13.3–17.1
(2,464)
16.2
14.0–18.8
(3,602)
15.3
13.2–17.6
(2,863)
12.5
9.8–15.9
(774)
15.9
9.8–24.7
(220)
.3432 .8428
CI = conﬁdence interval. N = unweighted sample size.
aBased on self-reported height and weight, body mass index (BMI = weight [kg]/height [m]2) ≥95th percentile using growth charts developed by the Centers
for Disease Control and Prevention for youth aged 2–20 years.
bOn an average school night.
cAdjusted for sex, race/ethnicity, grade, feeling sad and hopeless, current smoking, drinking nondiet soda or pop daily, using computers (non-school-related)
or playing video games 3 or more hours per day, and being physically active for at least 60 minutes 7 days per week.
a signiﬁcant quadratic (U-shaped) association between sleep
duration on an average school night and obesity among
femalestudents,butnotamongmalestudents.Nosigniﬁcant
linear associations were found among any demographic
subgroups.Amongfemalestudents,thelowestobesitypreva-
lence occurred at approximately 7 hours of sleep with greater
obesity prevalence occurring at shorter and longer sleep
durations. This type of U-shaped association is often seen
between sleep duration and mortality, heart disease, type 2
diabetes, and obesity among adults [5]. Previous studies of
the association between sleep duration and obesity among
adults have sometimes found diﬀerences by sex, with a
negative linear association among males and a U-shaped
association among females [8, 13]. One previous study
involving a nationally representative sample of middle and
highschoolstudentsfounddiﬀerencesbysex,withanegative
linear association between sleep duration and obesity among
male students and no association among female students
[33]. Factors responsible for diﬀerences in the ﬁndings from
that study compared to our study may include the addition
of 7th and 8th grade students to the Add Health Study
population [33]. Also, that study controlled for parental
education and physical activity and inactivity, but not for
depressive symptoms, smoking, or soda consumption [33].
While there is experimental evidence for metabolic
pathways whereby shortened sleep duration might lead to
obesity, there are currently no clearly delineated mechanisms
proposed for how longer sleep duration might lead to
the onset of obesity [5, 8–11]. Sleep restriction in healthy
adults has been shown to result in decreased leptin levels
which result in decreased satiety and increased ghrelin levels
which result in increased appetite [8, 9]. Alterations in these
hormone levels may subsequently lead to increased caloric
intake and weight gain among persons with shortened sleep
duration. A possible explanation for the association between
prolonged sleep duration and obesity among females in-
volves the dysfunctional sleep patterns often associated with
both obesity and depression. Prospective studies of children
and adolescents have found that obesity is associated with
later development of depressive symptoms, and juvenile
onset of depression increases risk for becoming overweight
in adulthood [34, 35]. More than 90% of children and
adolescents with major depressive disorder report subjec-
tive sleep complaints and obese children experience more
fragmented sleep, with frequent awakenings and episodes
of sleep apnea, compared to normal-weight children [12,
35]. It is possible that the dysfunctional sleep patterns
experienced by depressed and/or obese youth may, in some
cases, result in extended sleep durations in an attempt to
compensate for poor-quality and/or interrupted sleep. In
our study, having feelings of sadness and hopelessness was
more likely to occur at both short and long sleep durations.
Controlling for demographic and behavioral confounders
(including sadness/hopelessness) in our logistic regression
model attenuated, but did not eliminate, the increased odds
of being obese among female students who reported sleeping
either 4 or less hours or 9 or more hours (compared to 7
hours) on an average school night.
Age-dependent eﬀects, such as the decreased sleep needs
of adults compared to young children, may account for
the diﬀerent patterns of association (e.g., U-shaped among
adults versus negative linear among children) between sleep
duration and obesity [5]. For example, if there is an adverse
eﬀect on obesity risk from “long sleep duration” in excess of
physiological needs, this could be evidenced among adults
who sleep as much as 10 or 12 hours per day. YoungJournal of Obesity 7
Table 4: Odds ratios for obesity, aby sleep duration—US female high school students.
Independent variables (N = 11,939) % OR 95% CI AOR 95% CI
Sleep duration (hours)b
≤4 (665) 14.6 2.10 1.47−2.99 1.50 1.05−2.15
5 (1,401) 10.3 1.41 1.06−1.88 1.17 0.87–1.58
6 (2,842) 8.3 1.10 0.87−1.39 1.00 0.78–1.27
7 (3,522) 7.5 1.00 (referent) 1.00 (referent)
8 (2,650) 8.3 1.11 0.87−1.42 1.11 0.86–1.43
9 (657) 12.1 1.69 1.17−2.42 1.55 1.07–2.25
≥10 (202) 14.1 2.00 1.21−3.30 1.50 0.91–2.49
Race/ethnicity
White (5,389) 6.8 1.00 (referent)
Black (2,391) 15.1 2.46 1.85–3.27
Hispanic (3,132) 11.8 1.81 1.44–2.27
Other (1,027) 8.0 1.17 0.79–1.75
Grade
9th (2,828) 9.0 0.89 0.70–1.12
10th (2,860) 8.7 0.87 0.70–1.09
11th (3,132) 8.5 0.86 0.66–1.13
12th (3,119) 9.4 1.00 (referent)
Felt sad and hopelessc
Yes (4,266) 11.5 1.35 1.14–1.61
No (7,673) 7.5 1.00 (referent)
Current smokerd
Yes (2,135) 12.2 1.63 1.35–1.97
No (9,804) 8.1 1.00 (referent)
Drank nondiet sodae
Yes (3,303) 11.0 1.14 0.95–1.36
No (8,636) 8.2 1.00 (referent)
Computer/video gamesf
Yes (2,438) 11.3 1.26 1.05–1.51
No (9,501) 8.3 1.00 (referent)
Physically activeg
Yes (1,272) 6.8 0.75 0.57–0.99
No (10,667) 9.2 1.00 (referent)
N = unweighted sample size. OR = unadjusted odds ratio. AOR = adjusted (for other variables in the model) odds ratio. CI = conﬁdence interval.
aBased on self-reported height and weight, body mass index (BMI = weight [kg]/height [m]2) ≥95th percentile using growth charts developed by the Centers
for Disease Control and Prevention for youth aged 2–20 years.
bOn an average school night.
cAlmost every day for 2 or more weeks so that they stopped doing some usual activities.
dSmoked cigarettes on at least 1 day during the 30 days before the survey.
eDrank a can, bottle, or glass of soda or pop, not including diet soda or diet pop, at least one time per day during the 7 days before the survey.
fUsed a computer for something that was not school work or played video games for 3 or more hours per day on an average school day.
gWere physically active doing any kind of physical activity that increase their heart rate and made them breathe hard some of the time for at least 60 minutes
per day on all 7 days during the 7 days before the survey.
children, with much longer physiological sleep needs, might
not show an adverse eﬀect of “long sleep duration” until 18
hours of sleep per day, which very few children would be
able to accrue [5]. Explanations for sex-related diﬀerences
in the association between sleep duration and obesity may
include sex-related diﬀerences in the physiology of puberty,
particularly with respect to body composition, for example,
the increasing adiposity typically seen among females and
decreasing adiposity typically seen among males as they pass
through puberty [33]. Sex-related diﬀerences in sleep physi-
ology, the psychosocial correlates of obesity and physiologic
pathways mediating the association between depression and
B M Ih a v eb e e nn o t e da sw e l l[ 20, 33].
Our study has several strengths. The data are from na-
tionally representative samples of students in grades 9–12,
a population which includes older adolescents for whom
nationally representative data on sleep duration and obesity
are relatively limited. In our analyses, we were able to control8 Journal of Obesity
for a variety of health behaviors found to be associated both
with sleep duration and obesity, and which might therefore
confound their relationship. Finally, by combining two large
national datasets, we obtained increased statistical power
enhancing our ability to characterize the association between
sleep duration and obesity at the extremes of long and short
sleep duration and among demographic subgroups.
Many of the limitations of our study, such as the lack
of objective measures of sleep duration, are shared by other
published studies examining the association between sleep
duration and obesity [5, 8, 13]. We relied on a single self-
report for sleep duration on an average school night. Also,
datawerenotavailableonotherpotentiallyimportantfactors
such as variation in sleep duration through the week, in-
cluding weekends, actual bedtime, and wake times, and sleep
quality, including the presence of snoring or breathing dif-
ﬁculties that might suggest undiagnosed obstructive sleep
apnea. In addition, we used BMI based on self-reported
height and weight to classify students with respect to obesity.
A national study of adolescents found the correlation (r =
.92) of BMI and the speciﬁcity (0.996) of obesity status
(BMI ≥ 95th percentile) based on BMI calculated from self-
reported versus measured height and weight was very high
[36]. Although sensitivity (0.722) of obesity status based
on self-report was not as high, using self-reported height
and weight correctly classiﬁed 96% of teens with respect
to obesity, and girls were no more likely than boys to be
misclassiﬁed using self-reported height and weight [36].
Finally, our study is cross-sectional in design, and therefore
direction of causality cannot be inferred. Sleep duration
could aﬀect weight gain, but obesity could also impact the
duration of sleep. Indeed, the association between short and
long sleep duration and obesity may not necessarily reﬂect
a causal relationship, but could be a marker indicating that
naturally short or long sleepers are at-risk populations for
obesity, chronic disease, and mortality [37].
5. Conclusion
The high prevalence of insuﬃcient sleep among adolescents,
with its deleterious eﬀects on neurobehavioral function (i.e.,
mood, memory, attention, and cognition) and associated in-
creases in motor vehicle accidents and impaired school per-
formance, provides a strong rationale to promote greater
duration and quality of sleep among teens [5, 38, 39]. How-
ever,withrespecttoobesityprevention,thecurrentliterature
suggests that sex-related diﬀerences (such as found in our
study) and other inconsistencies in the association between
sleep duration and obesity among children, adolescents,
and adults, coupled with the lack of clearly deﬁned causal
pathways, make it premature to recommend alteration of
sleeppatternsasaneﬀectiveinterventiontopreventtheonset
of obesity in the general population or enhance weight loss
among the clinically obese [5]. There are currently no inter-
ventional or observational studies showing that weight loss
can be achieved in the general community or particular
subpopulations, through advice to change sleep duration.
Still, the consistent negative linear association between sleep
duration and obesity seen among younger children and the
positive impact of adequate sleep generally have led some
to suggest adequate sleep as an adjunct to other lifestyle
measures in the prevention of childhood obesity [37]. In the
absence of deﬁnitive evidence as to what constitutes “ade-
quate” sleep for the purpose of promoting healthy weight,
one approach is to provide the appropriate circumstances
and environment for sleep and reduce external interference
with sleep through the maintenance of bedtime routines and
limiting television viewing and use of electronic devices near
bedtimes and in bedrooms [37, 40]. While there may be little
risk in taking such a pragmatic approach to the promotion
of adequate sleep as an adjunct strategy in the ﬁght against
childhood obesity, it is clear that more needs to be known
about the association between sleep and obesity. In addition
to a better understanding of the mechanisms underlying the
association,furtherresearchisneededtodeterminethechar-
acteristics of sleep patterns that may promote healthy weight
and whether behavioral programs aimed at changing sleep
duration as a means of weight control are safe and eﬀective.
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